SUMMARY The acute effects of single pharmacological doses of glucocorticoid hormones on net electrolyte and water transport and electrical potential difference (pd) in the rectum was studied in control subjects and in patients with either active or inactive ulcerative colitis, using a dialysis technique. Compared with 17 control subjects, nine patients with active ulcerative colitis exhibited marked decreases in net sodium absorption and rectal pd, while these transport parameters were normal in six patients with inactive ulcerative colitis. Intravenous administration of hydrocortisone hemisuccinate (100 mg) resulted five hours later in significant and quantitatively similar increases in net sodium and water absorption and pd in nine control subjects, seven patients with active ulcerative colitis, and six patients with inactive ulcerative colitis. Intravenous administration of methylprednisolone phosphate (40 mg) to eight control subjects produced increases in net sodium and water absorption and pd five hours later, which did not differ significantly from those produced by hydrocortisone; methylprednisolone induced similar changes in two patients with active ulcerative colitis. These results indicate that single pharmacological doses of glucocorticoids stimulate acute increases in rectal sodium and water absorption in control subjects and in patients with acute ulcerative colitis. The ability of systemically administered glucocorticoids to reduce diarrhoea in ulcerative colitis may therefore be related to direct effects on distal colonic sodium and water transport, as well as to their better known anti-inflammatory action. 
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Previous studies in patients with ulcerative colitis have shown that mucosal inflammation results in marked impairment of colonic sodium and water absorption. - The dialysis bag containing 0*25-0*5 ml of PEG-free Ringer solution was placed in the rectum, and the PEG-containing Ringer solution in syringe A added to the bag. The solution was withdrawn several times to ensure thorough mixing, and approximately 1*5 ml was then removed from the bag at time zero using syringe B. Empty syringe A and syringe B containing the solution at time zero were weighed. The dialysis bag remained in the rectum for 60 minutes, during which time rectal pd was measured every 5-10 minutes to an accuracy of 0.1 mV. A mean value for pd was obtained for the dialysis period and corrected for the electrical asymmetry in the measuring system (<1.5 mV). At the end of the dialysis period, the solution was removed from the bag for subsequent analysis. The bag was removed, cleaned, and the interior rinsed with 30 ml PEG-free Ringer solution. Either hydrocortisone hemisuccinate (100 mg) or methylpredinisolone phosphate (40 mg) dissolved in 2 ml normal saline was then administered as a single intravenous bolus, and rectal dialysis repeated after five hours using the samme bag.
Sodium, potassium, chloride, and bicarbonate were measured by auto-analyser (Beckman, Astra 8) and PEG was assayed turbidimetrically. 12 The volume of solution in the dialysis bag at time zero (V0 in ml, assuming a specific gravity of 1) was calculated as:
.D ( 2) and the volume after the 60 minute dialysis period (V60) was: Table 1 presents the mean rates of net electrolyte and water transport and pd in the control subjects, and the patients with active and inactive ulcerative colitis under basal (preglucocorticoid) conditions. In control subjects, there was a high lumen negative pd and net sodium absorption, but net water transport was not significantly different from zero. Despite the high intraluminal concentration of potassium (30 mmol/l), there was an appreciable net secretory flux of potassium (-1 9+±0-2 ,umol/cm2/h). As shown in previous studies,14 15 net chloride absorption (+4-8±0i7 ,umol/cm2/h) was greater than net sodium absorption (+2.5 ±0*6 ,umol/cm2/h, p<002), but equal in magnitude to net bicarbonate secretion (-4-2±0-8 ,umol/cm2/h). In contrast with the control subjects, patients with active ulcerative colitis exhibited marked differences in all aspects of rectal transport. Rectal pd in these patients varied between -6-2 mV and -31-1 mV, the lowest values being associated with the most marked macroscopic changes of the rectal mucosa. The 65% decrease in rectal pd in this group of patients was associated with complete loss of net sodium absorption and net potassium secretion, and a tendency to increased net water secretion, although this change was not statistically significant (p<0O1). Compared with control subjects, mucosal inflammation in these patients also resulted in significant decreases in net chloride absorption (by 77%, p<0005) and net bicarbonate secretion (by 79%, p<0005).
In patients with inactive ulcerative colitis, rectal pd and the rates of net sodium, potassium, chloride and water transport were not significantly different from control values, although bicarbonate secretion remained impaired (by 55%, p<0-05).
EFFECT OF HYDROCORTISONE ON RECTAL TRANSPORT IN CONTROL SUBJECTS AND PATIENTS WITH ULCERATIVE COLITIS
After the basal dialysis period, 100 mg hydrocortisone hemisuccinate was administered as a single intravenous bolus to control subjects and patients with active ulcerative colitis, and the rectal dialysis repeated five hours later. Patients with inactive ulcerative colitis were studied in a similar manner to determine whether healed rectal mucosa responded normally to the glucocorticoid. Table 2 shows that in the control subjects, hydrocortisone administration increased rectal pd Sandle, Hayslett, and Binder by 17 mV (p<0025), net sodium and water absorption by 2-3 gtmol/cm2/h (p<0-005) and 12-5 pI/cm2/h (p<002) respectively, and net potassium secretion by 1-2 /Imol/cm2/h (p<O0O5). Despite the marked abnormalities in basal transport in patients with active ulcerative colitis, hydrocortisone produced changes which were similar to those in control subjects. In patients with inactive ulcerative colitis, basal transport parameters were similar to those in control subjects, and responded normally to hydrocortisone. In contrast with the hydrocortisone induced changes in sodium, water, and potassium transport in the three groups, the glucocorticoid had no effect on net chloride absorption or net bicarbonate secretion.
EFFECT OF METHYLPREDNISOLONE ON RECTAL TRANSPORT IN CONTROL SUBJECTS AND PATIENTS WITH ACTIVE ULCERATIVE COLITIS
The data presented in Table 3 show the effects of a single 40 mg dose of methylprednisolone on rectal transport in control subjects and two patients with active ulcerative colitis. Preliminary studies in three control subjects (results not shown) indicated that a single 16 mg dose of the glucocorticoid had no effect on rectal pd or net sodium absorption. Forty milligrams of methylprednisolone resulted in significant increases in rectal pd and net sodium absorption and net potassium secretion in the control subjects. Net water absorption increased in six of the eight subjects, but the change for the group was not statistically significant. Methylprednisolone also stimulated a small increase in net chloride absorption (+4-7±1.2 vs +6-4±1-1 ,umol/cm2/h, p<0.05), but there was no change in net bicarbonate secretion Figure 2 compares the magnitude of the changes produced by a single 100 nig dose of hydrocortisone and by a single 40 mg dose of methylprednisolone. It should be noted that hydrocortisone produced almost identical increases in rectal pd and net sodium and water absorption in the control subjects, and in the patients with active and inactive ulcerative colitis. Furthermore, in control subjects, the increases in rectal pd and net sodium and water absorption produced bg methylprednisolone (9±3 mV; 3*7±09 ,umol/cm /h; and 7*8±6-0 ILd/cm2/h, respectively) were not significantly different from those produced by hydrocortisone (17±6 mV, p>0.2; 2*4+0*6 gmolIcm2/h, p>0-2; and 12*5±3*8
,uIcm2/h, p>O05, respectively).
Discussion
Rectal dialysis is now established as a convenient and sensitive method for obtaining simultaneous measurements of transmucosal pd and net move- [mcolitis +HC (n =6) (n=8) Fig. 2 Changes in potential difference (pd) and net sodium and water movement observed in control subjects and patients with ulcerative colitis five hours after the administration ofhydrocortisone hemisuccinate (HC; 100 mg) or methylprednisolone phosphate (MP; 40 mg). There were no significant differences in the increases in pd and sodium and water absorption between thefour groups. I ments of electrolyte and water in normal subjects and patients with inflammatory bowel disease.3 13 More than 90% of electrolyte and water transport takes place across the mucosa in contact with the dialysis bag, the dialysis membrane itself providing no diffusional barrier, and net fluxes mat therefore be expressed per unit area of mucosa. Previous studies in normal human rectum have consistently shown greater rates of net water, sodium and chloride absorption than in the present experiments,2 3 13 but these differences may be explained by the modifications we made to the technique described originally by Edmonds.13 Firstly, he used narrow dialysis bags (0.5 cm diameter), whereas we used wider bags (1.43 cm diameter) which were closer to the width of the rectum. Compared with a narrow bag, a wide bag of similar length provides a three-fold increase in the volume to surface area ratio, which may lead to underestimation of the relatively small net fluxes of water and electrolytes that occur in the rectum. Our finding of zero net water movement in the rectum, however, agrees with the results of rectal perfusion studies. 16 Secondly, we used PEG 4000 as a volume marker, rather than directly determine the change in weight of the bag during the dialysis period.13 This modification has been useful in other studies,17 as the bag may be washed out in situ and further dialyses carried out in the same subject with solutions of different ionic composition. Thirdly, the higher rates of net sodium and chloride absorption (and hence water absorption) observed in previous studies may be related to higher initial concentrations of these ions in the rectal lumen (145-150 mmol/l vs 120 mmol/l in the present study).2 13 
EFFECT OF ULCERATIVE COLITIS ON RECTAL TRANSPORT
In control subjects, the basal values of rectal pd and electrolyte transport rates were similar to those reported by other investigators.2 3 13 Sodium absorption in the human descending colon and rectum is an electrogenic process which is largely responsible for the high lumen-negative pd.'8 Chloride absorption is mediated by a combination of passive transport along favourable electrochemical gradients, and an electroneutral chloridebicarbonate exchange process. 18 20 21 Potassium secretion reflects (i) passive movement of potassium from plasma to lumen, which is driven by the lumen-negative pd,3 20 and (ii) an active (pdindependent) potassium secretory process. '8 In the present, as in previous studies, mucosal inflammation in the patients with active ulcerative colitis resulted in marked decreases in rectal pd, net sodium absorption, and net chloride absorpSandle, Hayslett, and Binder tion. 1-3 22 23 Loss of rectal pd is generally held to reflect the decrease in net sodium absorption,1 3 23 but the link between these changes remains unclear. It has been suggested that the sodium transport process per se is normal in active ulcerative colitis, but transported sodium moves back into the lumen via 'leak' pathways in the inflamed mucosa, leading to decreases in net sodium absorption and rectal pd.2 Alternatively, the sodium transport process may be abnormal, as suggested by in vitro studies in which mucosal inflammation was associated with a diminution of the unidirectional sodium flux from mucosa to serosa resulting in a decrease in net sodium absorption.23 In any event, loss of the transmucosal pd in active ulcerative colitis explains, at least in part, the 69% reduction in net chloride absorption, although the inflammatory process may also impair chloride-bicarbonate exchange, as net bicarbonate secretion fell by 79%. It should also be noted that in contrast with previous in vivo studies, where concentrations of potassium in the dialysis solution and plasma were similar,3 a decrease rather than an increase in net potassium secretion was observed in patients with active ulcerative colitis. This difference probably reflects (i) the high intraluminal potassium concentration used in the present study (30 mmol/l), together with (ii) loss of the pd-dependent (passive) component of potassium secretion.
The patients with inactive ulcerative colitis were receiving only sulphasalazine when studied, and the normal rectal mucosal appearances and pds were associated with full restoration of sodium, potassium and chloride transport, while water transport did not differ significantly from normal. An incidental but unexplained finding was the persistence of impaired bicarbonate secretion. Thus, despite the marked abnormalities that occur during acute mucosal inflammation, the most important facets of distal colonic electrolyte transport return to normal during remission.
EFFECTS OF GLUCOCORTICOIDS ON RECTAL TRANSPORT IN CONTROL SUBJECTS AND PATIENTS WITH ULCERATIVE COLITIS
The present study shows for the first time that pharmacological doses of glucocorticoid hormones stimulate acute changes in electrolyte and water transport across normal and inflamed human rectal mucosa. The increases in pd and sodium and water absorption induced by hydrocortisone and methylprednisolone in normal human rectum are qualitatively similar to the changes observed in rat colon five hours after the administration of a single pharmacological dose (600 ,ug/100 g body weight) of the glucocorticoid dexamethasone.7 Dexamethagroup.bmj.com on June 20, 2017 -Published by http://gut.bmj.com/ Downloaded from sone stimulates an early rise in electrogenic sodium transport,11 which occurs in the time frame required for the drug to bind to glucocorticoid receptors in the mucosa, and hydrocortisone and methylprednisolone probably exert a similar effect in the human rectum. It should be emphasised that these changes in rectal transport are very similar to those produced in descending colon and rectum by aldosterone,10 24 25 but it is unclear whether high doses of hydrocortisone and methylprednisolone act after binding to glucocorticoid receptors, to mineralocorticoid receptors or both, as both types of receptor are present in mammalian colon.26 Although physiological doses of dexamethasone restore colonic pd and sodium absorption in adrenalectomised animals to control values (suggesting an effect via glucocorticoid receptors),27 equivalent studies have not been done in man. The increases in net potassium secretion produced by hydrocortisone and methylprednisolone in the present study have also been observed in rat colon five hours after dexamethasone treatment,9 and these acute changes may reflect an increase in the pd-dependent (passive) secretion of potassium.
The results obtained with hydrocortisone and methylprednisolone in patients with active ulcerative colitis indicate that the sodium transport process is able to respond normally to glucocorticoids in the presence of mucosal inflammation. The fact that hydrocortisone increases rectal pd and net sodium absorption to the same extent in control subjects, patients with active ulcerative colitis and patients with inactive ulcerative colitis (Fig. 2) indicates that the glucocorticoid is probably exerting a similar effect on the rectal mucosa in all three groups -that is, stimulation of electrogenic sodium transport.
It should be noted that mucosal concentrations of prostanoids increase in active ulcerative colitis28 29 and these secretagogues may contribute to the abnormalities of rectal electrolyte transport seen in this disease. 30 35 36 but it is interesting that dexamethasone has no effect on basal prostanoid production -that is, in the absence of inflammation.37 In addition, flurbiprofen, an inhibitor of prostanoid synthesis, has no beneficial effect on rectal pd and sodium absorption in patients with active ulcerative colitis, even though prostanoid release from the mucosa decreases.38 It therefore seems likely that the similar responses to glucocorticoids seen in the control subjects and the patients with ulcerative colitis in the present study reflect direct effects on sodium and water transport, rather than secondary effects associated with a reduction in mucosal prostanoid levels.
In conclusion, the present study shows that single pharmacological doses of glucocorticoids produce acute and significant increases in net sodium and water absorption across normal, inflamed and healed rectal mucosa. Human rectum and descending colon share the same sodium transport process, and glucocorticoids probably stimulate sodium and water absorption along the entire left side of the colon. It therefore seems likely that glucocorticoids reduce diarrhoea in active ulcerative colitis by exerting direct effects on colonic sodium and water transport, as well as by the usually accepted explanation that they suppress mucosal inflammation. 
